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FILTERING DEVICE WITH CORRUGATED AND ROLLED FILTER MEDIA 
BnfikgTftlinH " f Invention 

1. Field of the Invention 

The present invention relates to a filter apparatus, and in particular, to a 
5 liquid filter apparatus having fluted filter media. 

2. pescription of the Prior Art 

Filters which are used for filtering gases or liquids are well known and are 
commonly utilized for many types of filtering applications. Although prior filter 
devices are able to satisfactorily filter a substantial portion of the particulate and 
10 other materials from the fluids, still further improvements are possible. Filter 
density has become more critical as greater performance is required, while 
minimizing weight, volume and cost. A longer filter service interval without loss of 
efficiency has also gained importance. 

A common problem with filter designs is inadequate filter surface area. For 
15 liquid filters, such as fuel filters, water, oil or coolant filters, the effective filtering 
surface area for a given volume of filter has not been entirely satisfactory. Pleated 
filters are commonly used which utilize a pleated filter media. A common liquid 
filter design which utilizes pleated filter media with radially inward flow is shown in 
Figures 1 and 2. Such filters utilize a pleated filter cartridge which typically mounts 
20 in a metal spin-on canister. Although this type of filter does remove a substantial 

amount of particulate and other matter, it has several disadvantages. A large portion 
of the internal volume of the filter is wasted space which is not utilized for filtration. 
The wasted space is due to the manner in which the filter media is pleated and 
positioned around a perforated central core. The hollow central core is needed to 
25 support the filter media and to allow an area for filtered fluid to collect and be 
directed out of the filter element after passing through the filter media. 

Another problem with the pleated filter design is that the nature of pleated 
filters provides an upper limit as to the amount of filter media which may be 
positioned around the central core. The smaller the inner diameter of the filter and 
30 the center core, the more difficult it becomes to package the media in this manner. 
The number of pleats becomes too great and the pleats touch at an inner portion. 
This configuration limits the amount of filter media that can be put in a given 
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volume, thereby causing uneven loading of contaminants on only some portions of 
the filter media and increasing the pressure drop across the filter. As today's 
automobiles require longer service intervals, pleated filters are often unable to 
operate over the extended interval without sacrificing efficiency. In addition, even 
5 though the pleats are spaced very tightly at their inner diameter, the pleats are very 
widely spaced at their outer diameter, as shown in Figure 2. The gaps are required 
with the nature of the prior art design and require large space which cannot be used 
for filter media. 

Another drawback to the pleated filter design is that with wide gaps between 

10 pleats, it is difficult for the pleats to maintain their positions so that as the filter loads 
with contaminants, the pleats may shift or bunch. This may cause pressure drop 
across the filter to increase and may result in failure of the filter. To overcome this 
problem, filters of this type often have to utilize hot melt beads, wraps of string; or 
other materials to help maintain the widely spaced pleats in position. However, 

15 these measures increase the complexity, weight and costs of such filters. 

In addition to the drawbacks of the filtering efficiencies and volume required, 
conventional fluid filters are relatively complex and require a high number of parts, 
adding to the component and manufacturing costs. Problems associated with 
manufacturing include the steps of pleating the filter media prior to positioning 

20 around the center core, packing into a cylindrical shape, and forming a seal where 
the pleats connect In addition, the center core must provide substantial support to 
the pleated filter media to withstand the pressure differential which tends to collapse 
the filters when loading with contaminant. To add additional support, the ends of 
the filter media generally must be potted with a plastisol material and inserted into 

25 metal end caps. Other supports may be placed around the outer diameter of the 

pleats such as hot-melt beads, wrapping strings or outer liners. A spring is typically 
utilized in the bottom of a spin-on canister to hold the filter cartridge tightly against 
an upper seal at the opening to prevent contaminated fluids from bypassing the filter. 
It can be seen then that a new and improved liquid filtering apparatus is 

30 needed. In particular, the filtering apparatus should be structurally self-supporting to 
reduce support required for the filter media. In addition, such an apparatus should 
provide increased filter media for a given volume, thereby decreasing the pressure 



WO 97/40910 PCTAJS97/06613 

3 

drop across the filter and the total volume required for the filter. Such a filter should 
also provide for flexibility in the flow path through the filter element within a 
canister and decrease the central area within the filter media. Such a device should 
also reduce the total number of parts and manufacturing complexity of a filter. The 
5 present invention addresses these as well as other problems associated with liquid 
filters. 



Summary of the Invention 

The present invention is directed to a filter apparatus, and in particular to a 

10 liquid filter apparatus. The filter apparatus includes a substantially cylindrical 
housing which is open at one end, having a fluted filter media element retained 
therein. The fluted filter utilizes a fluted filter layer rolled into a substantially 
cylindrical filter element. In a first embodiment, fluid flows into the exterior of the 
open end along the interior of the filter housing to the closed end and then backward 

1 5 through the fluted filter element to an interior outlet at the open end. In a second 

embodiment, the fluid enters the exterior annular inlet at the open end, flows through 
the fluted filter element to the closed end and then flows through a center tube to the 
outlet at the open end. 

These features of novelty and various other advantages which characterize 

20 the invention are pointed out with particularity in the claims annexed hereto and 
forming a part hereof. However, for a better understanding of the invention, its 
advantages, and the objects obtained by its use, reference should be made to the 
drawings which form a further part hereof, and to the accompanying descriptive 
matter, in which there is illustrated and described a preferred embodiment of the 

25 invention. 



Brief Description of the Drawings 

In the drawings, wherein like reference letters and numerals indicate 
corresponding elements throughout the several views: 
30 Figure 1 shows a side sectional view of a prior art pleated fluid filter, 

Figure 2 shows an end view of pleated filter media for the prior art filter 
shown in Figure 1 ; 
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Figure 3 shows a perspective view of fluted filter media according to the 
principles of the present invention; 

Figures 4A-4B show diagrammatic views of the process of manufacturing 
the filter media shown in Figure 3; 
5 Figure 5 shows a perspective view of the fluted filter media shown in Figure 

3 spiraled in a cylindrical configuration according to the principles of the present 
invention; 

Figure 6 shows a detail perspective view of a portion of the spiraled fluted 
filter media for the filter element shown in Figure 5; 
10 Figure 7 shows an end elevational view of the fluted filter media shown in 

Figure 3; 

Figure 8 shows a side sectional view of a first embodiment of a filter 
apparatus according to the principles of the present invention; 

Figure 9 shows a side sectional view of a second embodiment of a filter 
1 5 apparatus according to the principles of the present invention; 

Figure 1 0 shows a perspective view of a pleated filter element with an 
impregnated end portion; 

Figure 1 1 shows a side partial sectional view of an end of a filter having an 
end cap with cross braces; 
20 Figure 12 shows a top plan view of the end cap shown in Figure 1 1 ; 

Figure 13 shows a perspective view of a second embodiment of an end cap; 
Figure 14 shows a perspective view of a third embodiment of an end cap; 
Figure 1 5 shows a perspective view of a second embodiment of fluted filter 
media used in the rolled filter elements shown in Figures 8 and 9; 
25 Figure 1 6 shows an end elevation view of the filter media shown in Figure 

Figure 17 shows a side elevational view of a filter having a bead of sealant 
applied to the exterior of the filter element; 

Figure 18 shows a sectional view of the filter media taken along line 18-18 in 
30 Figure 17; 
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Figure 19 shows a side elevationa] view of a filter apparatus according to the 
present invention having gaskets on the exterior of the filter element and 
corresponding beads formed in the filter housing according to the present invention; 

Figure 20 shows a side sectional view of an alternate embodiment of a filter 
5 apparatus according to the present invention; 

Figure 21 shows a perspective view of fluted filter media having tapered 
flutes according to the principles of the present invention; and. 

Figure 22 shows an end elevational view of the filter media shown in Figure 

21. 

10 

Detailed Description of the Preferred Em bodiment 
Referring now to the drawings, and in particular to Figure 3, there is shown a 
portion of a layer of permeable fluted filter media, generally designated 22. The 
fluted filter media 22 includes a multiplicity of flutes 24 which form a modified 

1 5 corrugated-type material. The flute chambers 24 are formed by a center fluting sheet 
30 forming alternating peaks 26 and troughs 28 mounted between facing sheets 32, 
including a first facing sheet 32A and a second facing sheet 32B. The troughs 28 
and peaks 26 divide the flutes into an upper row and lower row. In the configuration 
shown in Figure 3, the upper flutes form flute chambers 36 closed at the downstream 

20 end, while upstream closed end flutes 34 are the lower row of flute chambers. The 
fluted chambers 34 are closed by first end bead 38 filling a portion of the upstream 
end of the flute between the fluting sheet 30 and the second facing sheet 32B. 
Similarly, a second end bead 40 closes the downstream end 36 of alternating flutes 
24. Adhesive tacks 42 connect the peaks 26 and troughs 28 of the flutes 24 to the 

25 facing sheets 32A and 3213. In a preferred embodiment, the tacks 42 are placed only 
at the apex of the peaks 26 and troughs 28 to minimize the adhesive used and to 
maximize the open portions of the flute chambers 34 and 36. The flutes 24 and end 
beads 38 and 40 provide a filter element 22 which is structurally self-supporting 
■> without a housing. 

30 During use, unfiltered fluid enters the flute chambers 36 which have their 

upstream ends open as indicated by the shaded arrows. Upon entering the flute 
chambers 36, the unfiltered fluid flow is closed off by the second end bead 40. 
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Therefore, the fluid is forced to proceed through the fluting sheet 30 or face sheets 
32. As the unfiltered fluid passes through the fluting sheet 30 or face sheets 32, the 
fluid is filtered as indicated by the unshaded arrow. The fluid is then free to pass 
through the flute chambers 34, which have their upstream end closed and to flow 
5 through the open downstream end out the filter media 22. With the configuration 
shown, the unfiltered fluid can filter through the fluted sheet 30, the upper facing 
sheet 32A or lower facing sheet 32B, and into a flute chamber 34 blocked on its 
upstream side. 

Referring now to Figures 4A-4B, the manufacturing process for fluted filter 
10 media which may be rolled to form filter elements, as explained hereinafter, is 

shown. It can be appreciated that when the filter media is spiraled, with adjacent 
layers contacting one another, only one facing sheet 32 is required as it can serve as 
the top for one fluted layer and the bottom sheet for another fluted layer. Therefore, 
it can be appreciated that the fluted sheet 30 need be applied to only one facing sheet 
15 32. 

As shown in Figure 4A, a first filtering media sheet is delivered from a series 
of rollers to a crimping roller 44 forming a nip with a second opposed crimping 
roller 44. In a similar manner, a second sheet 32 is fed to the rollers 44 and 45. A 
sealant applicator 47 applies a sealant 46 along the upper surface of the second sheet 

20 32 prior to engagement between the crimping roller 44 and the opposed roller 45. 

As shown in Figure 4B, the first sheet 30 engages the corrugated surface of the roller 
44, and as it is pressed between the opposed crimping roller 44, takes on a 
corrugated or fluted configuration matching that of the corrugated rollers 44. The 
troughs 28 have a sealant applied at their apex or are otherwise bonded to the facing 

25 sheet 32 to form flute chambers 34. The sealant 46 forms first end bead 38 between 
the fluted sheet 30 and the facing sheet 32. The resultant structure of the facing 
sheet 32 sealed at one edge to the fluted sheet 30 is the layerable filter media 48, 
shown in Figure 6. 

When forming a filter, a filter media spiral is formed, as shown in Figure 5. 
30 It can be appreciated that the filter media layer 48 having a single backing sheet 32 
and a single end bead 38 shown in Figure 6 can be wound to form a spiral-type 
cylindrical filter element, generally designated 52, shown in Figure 5 and shown in 
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greater detail in Figures 6 and 7. To form the spiral filter element 52, a bead of 
sealant is applied lengthwise on a mandrel 54, tube or end of a length of material. 
An end of the single sided fluted filter media 48 is secured to the mandrel 54 via the 
bead of sealant. The single sided fluted filter media 48 is then rolled onto the 
5 mandrel as a second end bead 40 along a second edge of the filter media is applied 
with a sealant applicator to the fluted side of the single sided fluted filter media 48. 
As the fluted filter media 22 is rolled onto the mandrel, the second end bead 40 
adheres to the first facing sheet 32 of the single sided fluted filter media, as shown in 
Figure 5. It can be appreciated that when the filter media is wound, with adjacent 

10 layers contacting and sealing peaks and troughs of flutes, only one facing sheet is 
required as it serves as the top layer for one flute and the bottom layer for another 
flute. Therefore, as the second end bead 40 adheres to the first feeing sheet 32, the 
downstream closed end flute 36 for the filter media spiral 52 is formed. When the 
required length of single side fluted filter media 48 is rolled onto the mandrel such 

1 5 that the diameter of the filter media spiral 52 is as required, an outer sealing bead is 
applied to the free end of the single sided fluted filter media 48. The free end of the 
pleated filter media is then secured to the facing sheet 32 such that the free end 
adheres to the filter media spiral 52. In a preferred embodiment, the adhesive tacks 
42 are applied only at the apex of the peaks and troughs and are applied at the same 

20 time as the corresponding beads 38 and 40. 

The filter media is configured so that when filtering, dirty fluid, as indicated 
by the shaded arrows, enters the upstream open ended flute chambers 36 which have 
their upstream ends open. After entering the upstream open ended flute chambers 
36, the unfiltered fluid engages the second end bead 40. Therefore, the fluid is 

25 forced to proceed through the fluting sheet 30. As the unfiltered fluid passes 

through the fluting sheet 30, the fluid is filtered as indicated by the unshaded arrow. 
The fluid is then free to pass through the downstream open end flute chambers 34, 
which have their upstream end closed, and out the filter media 48. In addition, the 
unfiltered fluid can filter through the facing sheet 32 to the chambers 34. 

30 Referring now to Figure 8, there is shown a first embodiment of a filter 

apparatus, generally designated 100. In the embodiment shown, the filter apparatus 
100 is configured for use as a liquid filter and is a spin-on filter mounting onto a 



m 
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fitting for a circulating fluid system such as use as a diesel fuel filter or an engine oil 
filter. The filter includes a pleated, rolled filter element 102 inside a filter housing 
104. The fluid enters an open end 106, flows axially through the filter element 102 
and then exits the open end 106. The rolled filter element 102 has an end cap 1 10 
5 mounted there on and a gasket 1 08 forming a seal between th e end cap and the 

annular cent er divider segment 124 of a mounting element 1 16. A gasket 1 1 8 forms 
a seal between the mounting element 1 16 and a mounting fixture. The end cap 1 10 

\ / may include cross braces, as explained below, whic h provide additional support to 

A the end of the filter element 102. A center plug 120 is at the closed end of the 

1 0 housing 1 04 to block the center portion of the filter element 102 and may also 

provide a biasing force between the filter element 102 and the housing 104 to aid in 
positioning the filter element 102. In the embodiment shown, the filter element 102 
includes a center tube 122 around which it is wound. However, it can be appreciated 
that the center tube 122 could be a solid member or the tube may be eliminated so 

1 5 that liquid flows on the periphery of the filter element and then reverses to flow from 
the closed end and through the filter element 102. 

As shown, fluid enters the open end 106 in the annular opening of the 
mounting member 1 16 between the gasket 118 and the center annular divider 
segment 124. The unfiltered fluid then flows on the exterior of the end cap 110 

20 along the inner wall of the housing 104 to the closed end of the housing 104. Fluid 
then flows through the open ends of the flutes in the filter element 1 02, passing 
through the fluted filter media to exit the flutes having open ends proximate the 
housing open end 106. The fluid then flows on the interior of the end cap 110 
through the center opening 1 14 on the interior of the annular center divider segment 

25 124 of the mounting member 1 1 6. 

Referring now to Figure 9, there is shown an alternate embodiment of the 
filter apparatus, generally designated 100A. The filter apparatus 100A also includes 
a filter element 102A and a housing 104. However, the interior configuration is 
different from the embodiment shown in Figure 8 to obtain a flow pattern wherein 

30 liquid flows from the open end 106 axially through the filter element 102 to the 

closed end of the housing 104 and then upward through the center tube 122 exiting 
the open end 106 on the interior of the center divider segment 124 through the center 
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outlet 1 14. The filter apparatus 100A includes the mounting member 1 16 and the 
gasket 118 forming a seal between the mounting member 1 16 and a fitting. The 
filter apparatus 100A does not require an end cap proximate the open end as flow 
directly enters the flutes of the filter element 102 A proximate the open end 106. A 
5 gasket 108 A inserts intermediate the center tube 122 which has an extension 123 
extending upward therefrom that engages the center divider segment 124. In this 
manner, fluid enters intermediate the gasket 1 1 8 and the center divider segment 124. 
After passing downward, as shown in Figure 9, to the filter element 102 A, the liquid 
passes through the filter media and exits flutes at the closed end of the filter housing 

10 104. Cross brace 130 provides support at the closed end to the filter element 102A. 
The filtered liquid then passes through the interior of the center tube 122 and exits 
the center of the annular divider segment 124. 

Referring now to Figure 10, there is shown a fluted filter element 102 having 
a bonding material 1 12 applied to one end of the element The filter element 102 is 

15 impregnated with bonding material 1 12 at one end to strengthen and bond the 

individual flutes. The bonded end of the filter element 102 adds support to the filter 
media to resist rupturing under high pressure. In addition, the bonding prevents the 
coiled filter element 102 from telescoping. 

Referring now to Figures 1 1 and 12, there is shown a second embodiment of 

20 an end cap 1 40 and filter element 126 for use with the filter 100 shown in Figure 8. 
The end cap 140 in cludes cross braces 142 supporting an angled annular portion 
146. The annular portion 146 includes a center orifice 144. An exterior flange 148 
is configured to fit over the exterior of the filter element 126. The end cap 140 
provide s flow direction for the liquid as well as support for the filter element 126 to 

25 prevent telescoping or collapsing. 

The filter element 126 is similar to the filter element 102, shown in Figure 8. 
However, the filter element 126 does not have a center open tube. Rather, the filter 
element 126 is coiled about the end of the filter media. Flow passes along the 
periphery of the filter element 126 and then through the filter media. In flow 

30 configurations wherein a center tube is not required, either of the filter elements 102 
or 126 may be utilized. This configuration also eliminates the need for a center plug 
with the filter element 102. Prior pleated designs required a center perforated tube 
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for flow to the interior of the filter element and to provide support to the element. 
However, pleated filter elements 1 02 and 1 26 utilize flutes which provide support so 
that a supportive center tube is not required. 

Referring to Figures 13 and 14, there is shown additional alternate 
5 embodiments of end caps, generally designated 1 50 and 1 60 respectively. The end 
cap 150 includes cross braces 152 supporting the cap 150 with an orifice 154 formed 
in the center thereof. In addition, reinforcing blocks 1 56 are positioned at the 
interior wall of the cap 150. Similarly, the end cap 160 includes cross braces 162 
having abutting center portions providing additional support and an orifice 164 

1 0 formed in the center of the end cap 1 60. Reinforcing portions 1 66 provide 
additional support to the walls and base of the end cap 160. 

Referring now to Figure T5, there is shown a second embodiment of fluted 
filter media, generally designated 200, having asymmetric flutes according to the 
principles of the present invention. The filter media 200 includes asymmetric flutes 

1 5 202 forming substantially narrower peaks 204 and widened arcing troughs 206. The 
radius of the arc of the peaks 204 is less than the radius of the arc of the troughs 206 
of the asymmetric flutes 202. The filter media 200 includes a center sheet 208 and 
facing sheets 210, including a first upper facing sheet 212 and a second lower facing 
sheet 214. 

20 The facing sheets 210 are connected by upstream beads 224 and downstream 

beads 226. In this manner, the sheets 208, 212 and 214 form chambers 220 having 
their upstream ends closed and chambers 222 having their downstream ends closed. 

It can be appreciated that with the configuration shown in Figure 15, the 
upstream portion of the filter media 200 intercepting flow includes an enlarged 

25 opening for the chambers 222. In this manner, increased flow is intercepted by the 
fluted chambers 222 which then flow through the sheets 208, 212 and 214 and 
through the chambers 220. In addition, the asymmetric fluted filter media 200 
provides for a self-supporting filter structure. 

Referring now to Figure 16, the open end of the chambers 222 is 

30 substantially larger than the bead 224 at the upstream end and the surface area 
transverse to the flow of the sheets 208, 212 and 214. This flute arrangement 
decreases the restriction at the filter inlet and provides for improved flow and 
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contaminant loading capacity. In addition, the flute configuration provides added 
support to the flutes to prevent collapse of the flutes under high pressure and resist 
filter media rupture. 

Referring now to Figure 21, there is shown a layer of an alternate fluted filter 
5 media, generally designated 300, which may also be utilized with filter element 102. 
The fluted filter media 300 includes a multiplicity of tapered flute chambers 302. 
The flute chambers 302 are formed of a center fluting sheet 308 forming alternating 
peaks 304 and troughs 306 between facing sheets 310, including a first facing sheet 
3 12 and a second facing sheet 3 1 4. However, the media 300 can be coiled so that 

1 0 the same sheet serves as the first facing sheet for one layer of flutes and the second 
facing sheet of an adjacent layer. The troughs 306 and peaks 304 divide the flutes 
302 into an upper row and a lower row. In the configuration shown in Figure 21 , the 
upper flutes form flute chambers 322 closed at the downstream end, while upstream 
closed end flute chambers 320 are the lower row of flute chambers. The fluted 

1 5 chambers 320 are closed by first end bead 324 completely filling a section of the 

upstream end of the flute between the center fluting sheet 308 and the second facing 
sheet 314. Similarly, a second end bead 326 closes the downstream end of 
alternating flutes 302. Adhesive tacks at their apex connect the peaks 304 and 
troughs 306 of the flutes 302 to the facing sheets 312 and 3 14. The flutes 302 and 

20 end beads 324 and 326 provide a filter element which is structurally self-supporting 
without a housing. 

It can be appreciated that the flutes 302 taper along their length. The flute 
chambers 320 having their upstream end closed, widen along the trough to an 
enlarged downstream opening, as shown in Figure 21. Similarly, chambers 322 

25 have a large upstream opening, as shown in Figures 21 and 22, and taper to a 

narrowed closed end. In this manner, the portion of the filter media intercepting the 
upstream flow that is open is substantially increased. In addition, as the fluid flows 
along the flutes and passes through the walls of the filter media 302, either center 
sheet 308 or facing sheets 312 and 314, the fluid will flow out an enlarged open end 

30 on the downstream side of the filter. 

The filter media 300 has tapered flute chambers 320 which have a closed 
upstream end and flute chambers 322 which have an open upstream end. It can be 
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appreciated that with tapered flutes 302, flute chambers 322 have a larger cross 
sectional area transverse to the flow than the cross sectional area of the closed 
chambers 322 and the edges of the sheets 308, 312 and 314. In this manner, the 
filter media 300 intercepts greater flow with less resistance. As the flute chambers 
5 320 and 322 taper inversely to one another, the end of the chambers are reversed in 
size at the downstream edge. With this configuration, it can be appreciated that the 
flute chambers 320 have a much smaller cross section at the closed downstream end 
of the filter media 300 and the flute chambers 322 have a much larger open cross 
sectional area at the downstream end. Therefore, the flow passes in through the 

1 0 larger openings of chambers 320 and out through the larger openings at the 

downstream ends of the flute chambers 322. With this configuration, flow passes 
through filter media 300 having much greater open space with less resistance, while 
still providing sufficient filter media area in the same volume. 

Referring now to Figure 17, there is shown a sealing bead arrangement for 

15 the filter apparatus 100 A shown in Figure 9. In the arrangement shown, a filter 

element 170 shown in Figure 18 has flutes 1 72 extending radially outward from the 
backing layer. A gasket or bead 174 extends around the periphery of the filter 
element 170. The filter housing 104 may also have a bead 176 applied to the interior 
for engaging the gasket for providing a better seal around the exterior element 1 70 to 

20 the interior of filter housing 104. 

As shown in Figure 1 8, the sealant bead 1 74 provides a substantially circular 
profile for the filter element 170, rather than having spaces intermediate the flutes 
1 72. The profile provides an improved seal against the interior of the housing 1 04. 
Referring now to Figure 19, there is shown a filter element 1 80 having the 

25 flutes extending radially inward so that the exterior of the filter element 1 80 includes 
a substantially circular profile with the backing sheet to the outside of the filter 
element. In the embodiment shown, a pair of gaskets or sealant beads 1 82 are 
applied at spaced intervals along the periphery of the filter element 180. In addition, 
the filter housing 104 includes formed radially outward extending recesses 184 

30 corresponding to the spacing of the gaskets 182. In this manner, the gaskets seat 
properly and position the filter element 180 within the filter housing 104. 
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Referring now to Figure 20, there is shown another alternate embodiment of 
the filter apparatus 100A having exterior to interior flow from the open end 106 
through the filter element 102A to the closed end. In the embodiment shown, the 
filter 100A again includes a filter element 102A with the housing 104 and the 
5 mounting member 1 1 6 having the divider portion 1 24 and gasket 1 1 8 identical to 
that shown in Figure 9. A gasket 108 A forms a seal between the center annular 
dividing segment 124 and the extension 123 of the center tube 122. In this manner, 
flow is directed from the open end 106 through the fluted filter element 102 A to the 
closed end of the filter housing 104. To avoid the need to seal the filter element 

10 102 A to the housing 104, and to provide improved flow, an end cap 190 is utilized at 
the closed end of the filter housing 104. The end cap 190 includes intersecting cross 
braces 192 providing additional support and is attached to the filter element 102A 
prior to insertion in the housing 1 04. Since the end cap 1 90 is sealed to the exterior 
of the filter element 102A, there is no need for a seal between the filter element 

1 5 1 02 A and the housing 1 04. The end cap 190 has some flex and provides a biasing 
force to help position the filter element 102A. The fluid flows out the filter element 
102A at the closed end to engage the angled portion of the end cap 190 and is 
directed radially inward to the center tube 122. From there, the liquid flows upward 
back to the center of the annular center segment 124 and out the filter apparatus 

20 100A. The filter end cap 190 decreases the number of parts and provides proper 
flow and sealing arrangements as well as support for the filter element 102A. 

It is to be understood, however, that even though numerous characteristics 
and advantages of the present invention have been set forth in the foregoing 
description, together with details of the structure and function of the invention, the 

25 disclosure is illustrative only, and changes may be made in detail, especially in 

matters of shape, size and arrangement of parts within the principles of the invention 
to the full extent indicated by the broad general meaning of the terms in which the 
appended claims are expressed. 
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I . A filter apparatus, comprising: 

a filter housing, comprising a cylindrical portion having a first closed end 
5 and a second open end; 

fluted filter media having a plurality of flutes, wherein the plurality of flutes 
includes adjacent flutes having alternating ends closed; 

means for dividing the open end between a inlet portion and an outlet 
portion, wherein fluid enters the inlet and a first end of the filter media and exits a 
1 0 second end of the filter media and the outlet. 

2. A filter apparatus according to claim 1, wherein the flutes extend axially in 
the housing, and wherein fluid enters the flutes open proximate the open end of the 
filter housing. 

15 

3. A filter apparatus according to claim 2, wherein the filter media forms an 
opening at a center portion thereof and wherein filtered fluid exits flutes open 
proximate the closed end of the filter housing and flows through the opening at the 
center portion of the filter media. 

20 

4. A filter apparatus according to claim 1 , wherein the housing forms a channel 
intermediate the housing and an outer portion of the filter media, and wherein the 
open end includes a divider forming an inlet in fluid connection to the channel, 
wherein fluid flows through the channel and into the end of the filter media 

25 proximate the closed end of the filter housing. 

5. A filter apparatus according to claim 4, wherein the divider forms a barrier 
between the channel and the filter media, proximate the open end of the filter 
housing. 

30 

6. A filter apparatus according to claim 1 , wherein the filter media comprises a 
layer of fluted filter material rolled into a cylindrical filter. 
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7. A filter apparatus according to claim 6, wherein the cylindrical filter includes 
at least one bonded end. 

5 8. A filter apparatus according to claim 1 , further comprising cross braces at 
one end of the filter. 

10. A filter apparatus according to claim 1, further comprising a sealing bead 
intermediate the filter housing and an exterior of the filter media. 

10 

1 1. A filter apparatus according to claim 10, wherein the filter media comprises a 
layer of filter media having a backing sheet and flutes formed thereon, wherein the 
media is rolled with the flutes extending radially outward from the backing sheet. 

15 12. A filter apparatus according to claim I, wherein the fluted filter media 
comprises asymmetric flutes. 

13. A filter apparatus, comprising: 

a cylindrical filter housing having an open end and a closed end; 
20 a cylindrical filter element, comprising: 

fluted filter media rolled into a cylindrical configuration, wherein the 
filter media comprises a plurality of flutes and wherein alternating flutes are 
closed at opposite ends; 

wherein the filter media and filter housing form a channel 
25 therebetween; 

an annular segment at the open end of the filter housing engaging a periphery 
of the filter element and forming an inlet and an outlet at the open end 

14. A filter apparatus according to claim 13, further comprising bonding at least 
30 one end of the filter element 
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1 5. A filter apparatus according to claim 1 3, further comprising cross braces at 
one end of the filter element. 



16. A filter apparatus, comprising: 
5 a cylindrical filter housing having an open end and a closed end; 

a cylindrical filter element, comprising: 

fluted filter media rolled into a cylindrical configuration, wherein the 
filter media comprises a plurality of flutes and wherein alternating flutes are 
closed at opposite end; 
1 0 wherein the filter media forms a central channel; 

an annular segment at the open end of the filter housing engaging an interior 
of the filter element and forming an inlet and an outlet at the open end. 



17. A filter apparatus according to claim 16, further comprising an end cap at 
15 one end of the cylindrical filter element, the end cap having an angled portion 

intercepting flow. 

18. A filter apparatus according to claim 17, wherein the end cap mounted 
proximate the open end of the housing and has a central orifice formed therein. 

20 

19. A filter apparatus according to claim 17, wherein the end cap mounts 
proximate the closed end of the housing and engages an inner portion of the housing. 



20. A method of filtering fluid through a filter apparatus comprising a filter 
25 housing having an open end and a closed end, with a fluted filter element located 

within the housing, the method comprising the steps of: 

directing unfiltered fluid into the housing along a periphery of the fluted 
filter element to the closed end; 

passing the unfiltered fluid through the fluted filter element 

30 

21. A method according to claim 20, wherein the open end of the housing 
includes a annular center segment dividing the open end into an exterior annular 



WO 97/40910 PCT/US97/06613 

17 

inlet and a center outlet, and wherein unfiltered fluid enters the inlet and filter fluid 
passes out the outlet. 



22. A method of filtering fluid through a filter apparatus, the filter apparatus 

5 comprising a filter housing having an open end and a closed end, and having a fluted 
filter element having a center axial opening formed therethrough, the method 
comprising the steps of: 

passing unfiltered fluid from the open end through the fluted filter element to 
the closed end; 

1 0 directing filtered fluid from the closed end through the center axial opening 

and out the open end. 

23. A method according to claim 22, wherein the open end of the housing 
includes a annular center segment dividing the open end into an exterior annular 

1 5 inlet and a center outlet, and wherein unfiltered fluid enters the inlet and filter fluid 
passes out the outlet. 

24. A filter apparatus according to claim 1 , wherein the 
fluted filter media comprises tapered flutes. 
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